Listening to the earth passively over time and using the information wisely has driven us to the "…next big thing.." according to the AAPG Explorer (April 2003) article. Passive seismic is becoming part of E&P planning in the Oil and Gas sector with case applications as the one described here. The objective of Passive Seismic Tomographic Inversion, using P and S-wave travel times from natural micro-earthquakes is to accurately estimate 3D Vp (structural) and Vp/Vs (lithologic) information of the subsurface. A very important byproduct is the use of observed information to extract specific reservoir parameters. An exploration case study will be presented and the power of the method to deliver interpretable results that also fit well data will be examined, furthermore a demonstration of reservoir related parameter estimation will be shown.
Introduction
It is common knowledge that we will be always faced with exploration activity in geologically complex areas, such as fold and thrust belts. Exploration in these areas is challenging, as well as expensive and is driving the oil exploration industry towards the application of state of the art techniques. The Passive Seismic Tomography Program falls into the aforementioned category. The rationale for the application of tomography as a complimentary imaging tool is twofold. Firstly, it is a cost effective manner to image a large area, where the terrain is difficult and as a consequence, conventional seismic is expensive and can be of poor quality. Secondly, the technique has the added advantage of being environmentally friendly, which is an important consideration in all operational activities today.
In general, the 3-D seismic velocity and Poisson ratio model of the upper few Km of the crust can be used to:
1. Investigate new areas for exploration, 2. Improve imaging and mapping, 3. Correctly design the layout of future seismic. 4. Refine the production potential of the field, 5. Define potential upsides, 6. Invest less money in relation to other methods and, 7. Work on an environmentally friendly manner.
Finally, passive can provide material properties information related to shear wave velocities, valuable parameters related to reservoir most of the times very difficult to get from conventional seismic (need of large amplitude shear waves).
Methodology and Application
In the present case study the Passive Network (PATOS) was installed and operated by Landtech (Kapotas et al, 2003) . A feasibility study is always important before the survey in order that the network design takes into consideration a uniform spatial coverage of the area, high sampling resolution and frequency content. In this case the network consisted of forty 3-component high-resolution seismometers, buried in boreholes to improve the signal-tonoise ratio. This particular case study covered a plateau of an area of approximately 3300 km 2 , where there is strong attenuation in conventional seismic reflection energy due to high velocity and/or karstified carbonate outcrop. Recording took place over eleven months registering micro-earthquakes continuously. More than 900 events were accurately located within and close to the network area ( Figure 1 ). 
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The leap to passive seismic imaging, is it time?
Data management and understanding if the estimated location of the microearthquakes lies in geologically correct features such as faults (Fig 2) is a crucial step in the process. Solving simultaneously for earthquake location and velocity model adjustments is thus imperative to use earthquakes with locations well constrained by the data. Microseismis must satisfy strict selection criteria, events must lie within the network and the inversion grid, have a minimum number of recorded phases and an upper limit in the RMS residual. The selection resulted into enough phases that were included in the velocity inversion and resulted to a well determined solution. The tomographic method used, has been developed by Landtech and introduces improved inversion algorithms. The procedure is iterative and inverts both P-and S-wave arrivals for velocity model perturbations.
Since the inversion is a non-linear problem and the solution is non-unique, the degree of confidence and reliability in the results are important factors and were taken into consideration before and during utilization of the results. The quality of the inversion, extensively assessed quantitatively and qualitatively, was considered acceptable using various QC methods not analyzed here. In the final inversion, even if we start with a 1-D initial velocity is used, a substantial decrease in RMS values can be achieved.
Interpretation of results
During integration and prior to interpretation, the inverted velocity results were assessed and evaluated by comparing and correlating features of the 3D-velocity structure to other geological and geophysical observations and datasets. The range of the resulted velocity values appeared to be generally lower than expected, but, consistent with crustal values and within acceptable limits. Velocity structure images were taken at specified vertical cross-sections and at horizontal depth slices. Volumes of specific formations velocities, at various depths, showed a very close correlation with surface geology and structure (Fig 3 & 4) . The results gave indications about carbonate, evaporitic and clastic velocities, which were converted into density information, incorporated into gravity and supported potential modeling.
Outlined velocity boundaries and contrasts define subsurface geometries, and appear to match with other geophysical methods results such as conventional seismic, Bougouer gravity anomalies and magnitotellouric modeling. But the most impressive results come out from the comparison to the VSP data analysis. According to this, the Vp velocity difference between passive and VSP is less than 15% and the Vp/Vs model correlates very well with the lithology derived by the VSP. Initial analysis indicated high Vp/Vs (saturation) coincident with fault zones. Moreover, velocity variations and lineation of hypocenters define fault geometries. Furthermore, additional information like focal mechanisms, stress and moment 
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tensor estimation based on the relocated hypocenters according to the final 3D velocity model is a new driving parameter that can add substantial information to reservoir and production studies.
The integration and correlation of the inverted velocity structure (Fig. 5) and lithology (Fig. 6 ) was used for the structural modeling of the area, assisting in prospect identification, and providing confidence in the overall interpretation. Also proper use of the Vp volume for seismic data reprocessing can be proven valuable.
Conclusions
The application of passive seismic tomography imaging is part of an integrated approach required while exploring an area The passive methodology has provided a cost-effective and environmentally friendly imaging tool, supporting expensive and often poor-quality seismic data.
Results of this pioneering exploration tool have demonstrated that the technique could be useful not only in tectonically active regions but other less active areas. Finally, confidence of the results, evaluated with well data (Fig 7, 8 & 9 ) demonstrated the power of transmission tomography to provide accurate enough information not only for structural (Vp) but also lithologic (Vp/Vs) interpretation, difficult to extract to date from conventional seismic. Added to these benefits, extraction of information like focal mechanisms, stress and moment tensors calculation and, possibly in the future volumetric b-values, from passive data can lead us to better understand fracture distribution and characteristics of the production zone. 
